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© Method and test kit for the detection of inorganic orthophosphate by-product from amplification of 
target nucleic acid. 



© The presence of amplified nucleic acids can be identified by detecting the presence of inorganic or- 
thophosphate which is a stable by-product of the amplification process. There are a number of useful detection 
systems which can be used in either solution or dry formats. A preferred embodiment is to use a dry analytical 
element containing suitable reagents for generating a colorimetric signal in response to the orthophosphate. A 
diagnostic test kit can include individually packaged reagents for both amplification and orthophosphate 
detection. 
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analytical element is commercially available and readily adaptable to this assay with minimal redesign. Use 
of the element allows the assay to be readily automated on analytical equipment. 

FIGURE 1 is a bar graph showing color signal intensity for several assays as described in the Example 
below. 

5 The general principles and conditions for amplification and detection of nucleic acids using polymerase 
chain reaction are quite well known, the details of which are provided in numerous references including US- 
A-4,683,195, US-A-4,683,202, US-A-4,965,188, and WO-A-91/12342. 

Other amplification procedures which can be used in the practice of this invention include ligase chain 
reaction as described, for example, in EP-A-0 320 308 and EP-A-0 439 182, and self-sustained sequence 
w replication as described, for example, by Birkenmeyer and others, J.Virol.Meth. 35, pp. 117-126 (1991). 
While the remainder of this disclosure, however, will be directed to practicing the invention using PCR, it 
would be readily apparent to one skilled in the art how the teaching herein could be adapted to the other 
useful amplification techniques during which inorganic orthophosphate is generated. 

The present invention is directed to the amplification of one or more specific nucleic acid sequences 
is present in one or more target nucleic acids in a test specimen. Nucleic acids to be amplified and detected 
can be obtained from various sources including plasmids and naturally occurring DNA or RNA from any 
source (such as bacteria, yeast, viruses, plants and higher animals, humans). It may be extracted from 
various tissues including components of blond (such as peripheral blood mononuclear cells), other tissue 
material from other sources known in the art using known procedures. The present invention is particularly 
20 useful for the amplification and detection of nucleic acid sequences found in human genomic DNA, bacterial 
DNA, fungal DNA, viral RNA, or DNA or RNA found in bacterial or virus-infected cells. 

Bacteria which can be detected include, but are not limited to, bacteria found in human blood, 
Salmonella species, Streptococcus species, Chlamydia species, Gonococcal species, Mycobacterium 
tuberculosis, Mycobacterium avium complex. Legionella pneumophila, Clostridium difficile, Borregha 
25 burgdorferi, Pneumocystis carinii, Mycoplasma Haemophilus influenzae, Shigella species and Listeria 
species Viruses which are detectable include, but are not limited to, herpes simplex viruses, Epstein Barr 
virus influenza viruses, human cytomegalovirus, human papilloma viruses, hepatitis viruses, and retro- 
viruses such as HTLV-I, HTLV-ll, HIV-I and HIV-II. Protozoan parasites, yeasts and molds are also 
detectable 

so ' The invention is particularly useful for the detection of the presence of DNA associated with various 
infectious agents, such as bacteria or viruses, with the amplification and detection of viral DNA being of 
most interest. Detection of DNA associated with HIV-l (and other retroviruses), human cytomegalovirus or 
Mycobacterium tuberculosis DNA is advantageously accomplished with this invention. 

A "PCR reagent" refers to any of the reagents considered essential to PCR, namely one or more 
35 primers for the opposing strands of the target nucleic acid, a thermostable DNA polymerase, a DNA 
polymerase cofactor, and one or more deoxvribonucleoside-5'-triphosphates. 

The term "primer" refers to an oligonucleotide, whether naturally occurring or synthetically produced, 
which is capable of acting as a point of initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product complementary to a nucleic acid strand (that is, template) is 
40 induced Such conditions include the presence of nucleotides (such as the four standard deox- 
yribonucleoside-5'-triphosphates), a thermostable DNA polymerase, a DNA polymerase cofactor, and 
suitable temperature and pH. Generally, the primers used in this invention will have from 12 to 60 
nucleotides. 

The DNA polymerase is preferably "thermostable", meaning that it is generally stable to heat and 
45 preferentially active at higher temperatures, especially the high temperatures used for denaturation of DNA 
strands. More particularly, the thermostable DNA polymerases are not substantially inactivated at the high 
temperatures used in polymerase chain reactions as described herein. 

A number of thermostable DNA polymerases have been reported in the art, including those mentioned 
in detail in US-A-4,965,188 and US-A-4,889,818. Particularly useful polymerases are those obtained from 
so various Thermus bacterial species, such as Thermus aquaticus, Thermus thermophilus, Thermus filifor- 
mis or Thermus flavus. Other useful thermostable polymerases are obtained from a variety of other 
microbial sources including Thermococcus literalis, Purococcus furiosus, Thermotoga sp. and those 
described in WO-A-89/06691 . 

A DNA polymerase cofactor refers to a nonprotein compound on which the enzyme depends for 
55 activity. A number of such materials are known cofactors including manganese and magnesium compounds. 
Such compounds contain the manganese or magnesium in such a form that divalent cations are released 
into an aqueous solution. Useful cofactors include manganese and magnesium salts, such as chlorides, 
sulfates, acetates and fatty acid salts (for example, butyric, caproic, caprylic, capric and lauric acid salts). 
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ai n nppHPri for PCR is one or more deoxyribonucleoside-5'-triphosphates, such as dATP, dCTP, 

iTblw 55 - C Therefore, the presence of background orthophosphate is kept to a minimum. 

Advanlaqeously however, the water-soluble temperature sensitive inhibitor d.ssociates frorn the DNA 
no.leras and I tecomT ineffective to inactivate the DNA polymerase at temperature T 2 wh.ch ,s general y 
^Tc^ZZs at .east 5-C above T,. A representative inhibitor is ; shown in the example 

.SlbSi are antibodies specific to the DNA polymerase which have the noted b.nd.ng 
and releasing pjerties. ^ g ^ artjsan using conventional procedures 

aZnt of ffom about 5:1 to about 500:1 molar ratio to the DNA polymerase (preferably, from 25.1 to 100.1 
ThePCR reagents described herein are provided and used in PCR in any concentration suitab.e for a 

polymerase per iuu u me actjvjty requ(red t0 mcorp0 rate 10 

g,ven enzyme. Nucleotides ^dNTPs) ^nto an extending nuc.eic acid chain in 30 minutes at 74'C. More 
nmo.es of total nucleohdes ; (dNT '^to****^ of sotuliQn are used . The amou nt of each primer 
is' aHe a S 0 075 w^Uw 0.1 to 2 umo.ar being preferred, but other amounts are well known -n tne 

dNT f2"pCR reagents can be supplied individually, or in a buffered solution having a pH in the range of 

35 ^Vtlroet nuc.eic acid (that is, one to be amplified) can be obtained from any o. a variety of sources as 
£ !Zl SeraSv it is extracted in some manner to make it available for contact w.th the pnmers and 
o he? PGR ^ eagenS lhi su^ means removing unwanted proteins and ce.lu.ar matter from the specimen 
S a s uSb manner Various procedures are known in the art, including those described by Laure and 

„ ^teTJTce, pp. 538 P 540 (Sept. 3, 1988). Maniatis and others^ ^f^^fg 
mi^,*. nn PftO-281 (1982) Gross-Belland and others in Eur.J.Biochem., 36. 32 (1973) ana usm 
Tiofla^ Extraction of DNA irom whole b.ood or components thereof are described, .or example, in EP-A- 
0 393 7?4 B^d clrs. Proc. Nat,. Acad. SC. USA, 78(9), pp. 5759-5763 (1981) and Sa,k, and others, 

^S^^^Te^ or detected is usually in double stranded form, the two strands 
m JZZ<*T^t delred') before priming can take place. Denatured is accomplished using a 
heat ^LZ^one or in combination with any suitab.e other physical, chemica. or enzymat.c means as 
^ S in the°art. .nitia, denaturation is genera.ly carried out by heating . the 
containing the targeted nucleic acid at a first temperature of from 85 to 100 C for a suitable time, 

""The ratureTsTan^slr^cooled to a second temperature which is general.y in the range of from 
55 TltTote Let, the reaction mixture containing PCR reagents is incubated at . .suitable 
Immature to effect formation o. primer extension products. Generally, this temperature ,s at least 50 C, 
and P S t he range of from 65 to 75 -C. The time for incubation can vary widely depend.* upon 
ss the inTubSon temperature and the length of extension products desired, but in preferred embod.menU, is 
rom 1 to 120 seconds. Each cyc.e of PCR can be carried out using either two or more d.fferen 
tempe ature one temperature for denaturation, and a second and an additional temperature for pr.rn.ng or 
^ ZZZV^ct formation. That is, some PCR processes utilize a second temperature .or prim.ng 
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and a third temperature for primer extension. Preferably, in the practice of this invention, the same 
temperature is used for both priming and primer extension. 

If the hybridized primer extension products are denatured, PCR can be carried out further in as many 
cycles of priming, extension and denaturation as desired. Generally, at least 20 cycles will be carried out, 

5 with from 20 to 50 cycles being preferred. 

At any time during the assay, but after at least one amplification cycle, generated inorganic or- 
thophosphate can be detected as described below. 

The amplification method of this invention is preferably conducted in a continuous, automated manner 
so that the reaction mixture is temperature cycled in a controlled manner for desired preset times. A 

w number of instruments have been developed for this purpose, as one of ordinary skill in the art would know. 
One such instrument for this purpose is described in some detail in US-A-4,965,188 and EP-A-0 236 
069. Generally, this instrument includes a heat conducting container for holding a number of reaction tubes 
containing reaction mixture, a means for heating, cooling and temperature maintenance, and a computing 
means to generate signals to control the amplification sequence, changes in temperature and timing. 

;5 A preferred instrument for processing amplification reactions in a disposable chemical test pack is 
described in some detail in US-A-5,089,233. In general, this instrument comprises a surface for supporting 
chemical test packs, pressure applicators supported above the surface for acting on the reaction pack to 
transfer fluids between adjacent chambers in the test pack, and means for operating the pressure 
applicators through a range of movement extending across the test pack. 

20 EP-A-0 402 994 provides details of useful chemical test packs which can be processed using the 
instrument described in US-A-5,089,233. Also described therein are means for heating and cooling the test 
pack at repeated intervals (that is, through cycles) appropriate for the method of the present invention. 

It is also useful for the method of this invention to be carried out in a suitable container. The most crude 
container would be a test tube, cuvette, flask or beaker, but more sophisticated containers have been 

25 fashioned in order to facilitate automated procedures for performing the method (see for example, WO-A- 
91/12342). For example, cuvette and chemical test packs (also known as pouches), constructed to provide 
certain temperature characteristics during the practice of the method, are described in US-A-4,902,624, US- 
A-5,1 73,260 and US-A-5,229,297. Such test packs have a multiplicity of reaction chambers having various 
reagents, buffers and other materials which are useful at various stages in the amplification or detection 

30 method. The packs can be appropriately and rapidly heated and cooled in cycles to promote the various 
steps of the amplification method of this invention. Other useful containers could be suitably fashioned for 
automated or single use of the method of this invention. 

The amplification portion of the assay could also be carried out in test tubes and detection in a different 
device such as disposable test devices such as that commercially available under the mark SURECELL™ - 

35 (Eastman Kodak Company) or any other device (for example, microwells). 

Inorganic orthophosphate generated from amplification by polymerase chain reaction can be detected 
using any of a number of conventional methods and reagents known for phosphate detection. In its simplest 
embodiment, the invention can be practiced in a solution format by detecting the orthophosphate using 
reagents which provide a colorimetric signal (that is, signal in the range of 200 to 700 nm wavelength in the 

40 electromagnetic spectrum) in response to one or more reactions with orthophosphate. One such method is 
described in more detail, for example by Horder, Anal. Biochem. 49, pp. 37-47 (1972) and involves the 
reaction of the orthophosphate with ammonium molybdate to produce an ammonium phosphomolybdate 
complex, followed by reduction of the complex with ascorbic acid and sodium arsenite-sodium citrate to the 
blue molybdate complex which is evaluated at 700 nm. 

45 Another method is described by Young in J.CIin.Path. 19, 397 (1966) and involves the complexation of 
orthophosphate with a water-soluble molybdate ion at an acidic pH to give a yellow complex which can be 
subsequently reduced by a variety of reducing agents to a complex having a blue color. The absorbance of 
the reduced complex can be measured using suitable equipment and the density of the color is proportional 
to the amount of orthophosphate in the sample. Details of the use of molybdate salts are provided, for 

so example, in US-A-3,853,469 and US-A-3,953,359. 

Such solution methods are typically carried out in a suitable container (for example, test tube or 
cuvette) by mixing the reagents needed to detect inorganic orthophosphate with a sample of the 
amplification reaction mixture. This is typically done at room temperature for a sufficient time to obtain the 
desired colorimetric signal which is measured using conventional equipment. 

55 Useful water-soluble molybdate salts include, but are not limited to, aluminum molybdate, cadmium 
molybdate. calcium molybdate, barium molybdate, bismuth molybdate, lithium molybdate, potassium 
molybdate, sodium molybdate, zinc molybdate, alkylammonium molybdate (with the alkyl having from 1 to 
6 carbon atoms), and others readily apparent to one skilled in the art. 
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a • „ o^ontc in thfi nractice of this invention which reduce the complex of molybdate 
Representa^ t0 p . methylarnin0 phenol sulfate, stannous 

conducted. The r eagents necessary ^ ^ e)ement conta , ns 

sample, or m,xed wUh e|ements can be single layer filter papers impregnated w,th 

the necessary *» *e^jw. Sue ^ ^ such as ^ 

SiS^^S^ 5 S«- ChLstry slides for Phosphorus (available from Eastman 

K ° d l^Trefe n rab.v the dry element useful in the practice of this invention has an inert support with at .east 
Most pre J*' y a ^ e a 7 or ; u e s m s % eadjng layer disposed thereon. The support is generally dimensioned 
S^^i^^P^ transparent. However, non :W ««^ rt s can he 
used if Z mode of detection is reflectance spectroscopy instead of transmiss.on spectroscopy. 
-TlZs spreading -isp^ 

ZOn T S he elements have at least one other layer which can contain one or more reagents needed for the 
d22T there are at least two reagent layers. All of the layers are generally m fluid contact w,th 

useful binders are known in the art), 

a second reagent layer containing a reducing agent mixed in a hydroph.be binder, and 

ThTaiavTws invention using the analytical element can be manual or automated. In genera., the 

element S ^ contacting it with a samp.e of the PGR reaction mixture 

orthoohosDhate under ambient conditions (although other temperatures can be used). The specimen and 

7^eT^cLT2e6 within the layers of the e.ement and any inorganic orthophosphate present in he 

soedmen reaTs with the water-soluble molybdate salt to produce a complex which ,s then reduced by the 
specimen reacts wimtne ^ example by djppmg or (mrnersing the 

( ^Zt?:X^«V£^ ^ spring the specimen onto the e.ement by hand, machine or 

SUU ^et!;y e :!:hlTminutes (preferab.y 5 minutes), a spectrophotometry measurement is made. This 
Generally witn vh transmission spectrophotometry equipment and 

^dure as " mfas're S nTrgan c orthophosphate concentration in the sample which is then a direct 
SSJnr^^cic acid. Generally, .be detectable signal is measured at a wavelength ,n the 
ranoe of from 650 to 700 nm, with a measurement at 680 nm being preferred. 

In the following examples, all percentages are by weight unless otherwise noted. 

Materials and Methods ior Examples : 

Recombinant DNA polymerase from Thermos aquaticus was prepared using known procedures, such 
as those described in EP-A-0 482 714 and had an activity of 250,000 units/mg of protein. 
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The primers used in the Example below were prepared using known starting materials and procedures 
using an Applied Biosystems Model 380B, three column DNA synthesizer using standard phosphoramidite 
chemistry. Nucleoside-3'-phosphoramidites and nucleoside derivatized controlled pore glass supports were 
obtained from Applied Biosystems. The primers prepared in this manner were functionalized at the 5' end 
5 with two tetraethylene glycol spacers following by a single commercially available DuPont biotin 
phosphoramidite. All purifications were carried out using a nucleic acid purification column, followed by 
reversed phase HPLC techniques. The primers had the following sequences: 
SEQIDNO:1: 

5'-AGTGGGGGGA CATCAAGCAG CCATGCAA-3' 
w SEQ ID NO:2: 

5'-TTCCTGCTAT GTCACTTCCC CTTGGTTC-3'. 

A target nucteic acid (HIV-I DNA) was isolated from HIV-I cell line HUT- AAV 78 lymphocytes using 
conventional procedures. The primers were complementary to opposing strands of the target nucleic acid 
along nucleic acid sequences in the gag region. 

75 A monoclonal antibody specific to the noted DNA polymerase was prepared using conventional 
procedures, such as those described by Milstein and others, Nature, 256, pp. 496-497, 1975, and 
hybridoma cell lines (either HB 11126 and 11127 from ATCC), so that antibody secreting cells of the host 
animal were isolated from lymphoid tissue (such as the spleen) and fused with SP2/0-Ag14 murine 
myeoloma cells in the presence of polyethylene glycol, diluted into selective media and plated in multiwell 

20 tissue culture dishes. About 7-14 days later, the hybridoma cells containing the antibodies were harvested, 
and purified using conventional techniques. 

Example 

25 In this example, the target nucleic acid, HIV-I DNA noted above, was amplified using polymerase chain 
reaction in the following manner. The target nucleic acid (about 10,000 copies) was mixed into the following 
PCR reaction mixture. 

The PCR reagent mixture contained tris(hydroxy-methyl)aminomethane hydrochloride buffer (10 
mmolar, pH 8), tris(hydroxymethyl)aminomethane buffer (6.86 mmolar), potassium chloride (50 mmolar), 
30 magnesium chloride (10 mmolar), gelatin (100 ug/ml), dATP, dCTP, dGTP and dTTP (1.5 mmolar of each), 
ethylenediaminetetraacetic acid (686 umolar), glycerol (9.5%), the primers identified above (0.4 umolar of 
each), DNA polymerase identified above (48 units/300 ul), and a monoclonal antibody specific to DNA 
polymerase identified above (50:1 molar ratio to DNA polymerase). 

The amplification and detection procedure for the assay were as follows: 

35 

Amplification: 

Denature by heating at 95 *C for 60 seconds, 40 cycles of priming and extending at 68' C for 30 
seconds, and heating at 94 *C for 15 seconds using a commercially available PCR processor. 

40 

Detection: 

A sample (10 ill) of the resulting reaction mixture containing amplified target nucleic acid was applied to 
a commercially available EKTACHEM™ Clinical Chemistry Slide for Phosphate. The element is described 
45 below in more detail. 

After 5 minutes of incubation at about 55 'C, the dye signal generated by the presence of inorganic 
orthophosphate in the sample was observed by the unaided eye. 

Additional samples of the PCR reaction mixture were diluted 1:10 and 1:20 and similarly tested. Also 
tested was a sample of undiluted buffer containing no PCR reagents and undiluted and diluted (1:10 and 
so 1:20) PCR reaction mixture without target nucleic acid. The results are shown in FIG. 1 with color signal 
intensity on the M y" axis. The first set of bars were for undiluted samples. 

The dark bars in FIG. 1 show the color signal generated from the presence of HIV-I DNA in the test 
samples. The light bars show background for the diluted and undiluted PCR reagent mixture. No signal was 
obtained tor the buffer alone. 

55 
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Element for Orthophosphate Detection 


Dry Coverage (g/m 2 ) 


5 


Spreading Layer 


Barium sulfate 

Cellulose acetate 

ESTANE™ 5715 poly urethane 

TRITON™ X-405 nonionic surfactant 


109 

o.b 
1.1 

2.2 


70 


Second Reagent Layer 


Polyvinyl pyrrolidone) 
p-Methylaminophenol sulfate 
5,5'-Dimethyl-l>cyclohexanedione 
TRITON ™ X-1 00 nonionic surfactant 


4-4 
3.5 
1.5 
0.23 


15 


First Reagent Layer 


Binder* 
Glutaric acid 

TRITON ™ X-1 00 nonionic surfactant 
Ammonium molybdate 
Sodium hydroxide 


9 

3.4 
0.22 
3.36 
0.32 






PoMethylene terephthalate) Support 




* Pnlvf.crvlamide-co-N-vinyl^-pyrrolidone] (50:50 we.ght ratio) 
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PHOS™ analytical element, and the resulting dye density was determine* 
procedure. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 
(i) APPLICANT 



(A) 


NAME: 


Eastman Kodak Company 


(B) 


STREET: 


343 State Street 


(C) 


CITY: 


Rochester 


(D) 


STATE : 


New York 


(E) 


COUNTRY 


: USA 


(F) 


POSTAL 


CODE: 14650-2201 



(ii) TITLE OF THE INVENTION: Method and Test Kit 
for the Detection of Inorganic Orthophosphate By- 
product from Amplification of Target Nucleic Acid 
0 (iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 inch, 
> 5 1.44 MB storage (IBM) 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS Version 3.3 

(D) SOFTWARE: PC-8 (Word for Windows) 

30 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

35 (A) LENGTH: 28 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 
40 (D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Primer for HIV- I DNA 

(iii) HYPOTHETICAL: No 

(iv) ANTI- SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Same 

(x) PUBLICATION INFORMATION: None 
so (xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
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AGTGGGGGGA CATCAAGCAG CCATGCAA 28 

(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Primer for HIV-I DNA 

(iii) HYPOTHETICAL: No 

(iv) ANTI- SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Same 

(x) PUBLICATION INFORMATION: None 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

TTCCTGCTAT GTCACTTCCC CTTGGTTC 28 



Claims 

30 



35 



40 



,. A"^««^^^f£S2^ con,,*, pHnws spec»,c «. 



target nucleic acid. 



2 The method as claimed in Cairn 1 wherein the target nucleic acid is amplified using polymerase chain 
reaction in the presence of a thermostable DNA polymerase. 



its complexation with 
45 complex. 



50 5. 



Thp method as claimed in claim 3 wherein the inorganic orlhophosphate is detected by contacting the 
ZZ S^tTS analytical element containing the water-soluble molybdate salt. 

The method as claimed in Cairn 4 wherein the analytical element used for inorganic orlhophosphate 
detection comprises. wate r-soluble molybdate salt admixed with a hydrophilic binder, 

55 binder, and 

a porous spreading layer. 
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6. The method as claimed in any of claims 3 to 5 wherein the water-soluble molybdate salt is ammonium 
molybdate and the reducing agent is p-methylaminophenol sulfate. 

7. The method as claimed in claim 1 wherein the target nucleic acid is amplified using ligase chain, 
reaction. 

8. A diagnostic test kit useful for the detection of a target nucleic acid comprising at least one PCR 
reagent needed for amplification of a target nucleic acid, the test kit characterized in that it includes, 
individually packaged, at least one reagent needed to provide a colorimetric signal in response to 
inorganic orthophosphate. 

9. The kit as claimed in claim 8 wherein the reagent for providing a colorimetric signal is a water-soluble 
molybdate salt or a reducing agent for the complex formed from the inorganic orthophosphate and the 
molybdate salt. 

10. The kit as claimed in either of claims 8 and 9 comprising a dry analytical element containing the 
colorimetric signal providing reagent. 
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FIG. 1 
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